Objective -Discovery of the apoptosis-inducing effects of flavonoid vagonin allowed to make an assumption of existence of similar effect in others flavonoids. This study of the effects of extracts from Gratīola officinālis, Helichrýsum arenárium and diploid forms of Zea mays on bone marrow and blood leucocytes at intramuscular and oral administration was carried out on rats bearing sarcoma 45. Earlier, the apoptosis-inducing effects were detected for these extracts but the toxic effects of extracts on blood and bone marrow have not been studied. Therefore, the aim of this study was to investigate the effects of these extracts on white blood cell count and bone marrow morphology. Material and Methods -The experiments were carried out on 48 male Wistar albino rats according to University's Animal Ethics Committee (Protocol № 13, 2011, Saratov, Russia) and the relevant national agency regulating experiments on animals. We evaluated white blood cell count and bone marrow morphology in animals after oral and intramuscular administration of extracts. A growth rate of tumor was also ranked. Results -Oral and intramuscular administration of extracts from flavonoid-containing plants Zea mays and Gratīola officinālis causes normalization of myelocytic germ parameters in bone marrow of tumor-bearing rats and increase of lymphocyte percent in white blood cell count of blood and myelogram. Conclusion -Absence of toxic effects and normalization of myelocytic germ parameters in bone marrow of tumor-bearing rats after oral and intramuscular administration of extracts from flavonoid-containing plants Zea mays and Gratīola officinālis allows to recommend further study of the antitumor effect of these extracts.
Introduction
Oncological diseases take one of the leading places in the structure of mortality all over the world. For a long time it was believed that bioflavonoids with a broad spectrum of pharmacological activity are not very perspective in terms of antitumor activity. In 2011 the apoptosis-inducing effect of plant flavonoid Vagonin was discovered in tumor cells [1, 2] . This discovery was important for further searching of flavonoids with antitumor activity, as well as study of mechanisms of their biological activity.
Previously, we have developed a method for producing flavonoid-containing extracts from Gratīola officinālis, Helichrýsum arenárium, and Zea mays, that allows obtaining non-toxic or slightly toxic extracts even from poisonous plants [3] [4] [5] [6] . It is know that these extracts have antioxidant, antitumor, immunomodulatory [7] [8] [9] [10] [11] and antimicrobial [12] [13] [14] actions.
However, a detailed analysis of the toxicity of test flavonoidcontaining plant extracts and their effects on leukocyte formula of blood and bone marrow was still not done.
The aim of this study was to investigate the effect of intramuscular and oral administration of flavonoid-containing extracts of Gratīola officinālis, Helichrýsum arenárium and Zea mays on bone marrow and peripheral blood indicators of Wistar rats with transplanted sarcoma 45.
Material and Methods

Description of the extracts
In this work we used extracts which have been obtained by a process of double extraction, followed by alcohol precipitation of non-polar compounds (glycosides and alkaloids, et al.) by chloroform from Gratiola officinalis plant, Helichrýsum arenárium and Zea mays [3] [4] [5] . This method has been patented by us. Herbal raw materials for these experiments were collected in Saratov region (Russia). Zea mays was grown on an experimental area in Saratov region, and the raw material was provided by our collaborators from Genetics Department of National Research Saratov State University (Saratov, Russia).
Standartization of flavonoid-containing extracts was performed by quercetin and rutin. Mean of quercetin in Gratiola officinalis extract was determined from a calibration curve using a standard sample of quercetin (Sigma, 98%) and should not be less than 0.66%. Quercetin in dry extractives residue (350 mg extractives) was defined by high performance liquid chromatography (HPLC), it should not be less than 350 micrograms.
The average value of quercetin in Helichrýsum arenárium extract was 0.3 mg/ml, as determined by HPLC, and the amount of quercetin in dry residue (for 350 mg of extractives) was 150 micrograms. The average value of rutin was 29.40 mg/ml as was found by absorption spectroscopy method. The weight percentage of flavonoids in the extract was 21.0%.
Zea mays extract had an average value of quercetin 0.7 mg/ml as it was established by HPLC method, and the amount of quercetin in the dry residue (for 260 mg of extractives) was 350 mg. By molecular absorption spectroscopy the content of rutin was 16.46 mg/ml. The weight percentage of flavonoids in the extract was 15.8.
Design of experiments
The experiment was conducted according to "International Guiding Principles for Biomedical Research Involving Animals" [15] . 48 male albino Wistar rats weighing 152±12 g (data presented as mean with standard deviation) at the age of 3 months were used, which had been vaccinated subcutaneously in the region between shoulder blades with 25% cells suspension culture of sarcoma 45 in Hank's solution.
Two groups were formed as a control: control group №1 -«healthy», intact animals without exposure; control group №2 -animals with transplanted sarcoma 45 without exposure. Dual control was necessary to avoid developmental changes under the influence of transplanted tumor. Each group consisted of 6 animals.
The animals were divided into six experimental groups. The first two groups received the extract of Helichrysum: group №1 -intramuscularly in a dosage of 1 g/kg; group №2 -orally in a dosage of 1 g/kg. The following two groups reseived Zea mays extract: group №3 -intramuscularly in a dosage of 0.32 g/kg; group №4 -orally in a dosage of 0.32 g/kg. The following two groups received Gratiola officinalis extract: group №5 -intramuscularly in a dosage of 0.11 g/kg; group №6 -orally at a dosage of 0.11 g/kg.
Animals were brought into experiment in 72 hours after inoculation of the tumor (sarcoma 45). The extracts were administered orally and intramuscularly every day for two weeks. Intramuscular administration was carried out by sterile insulin syringes alternately in muscles of right and left hind paws of animals. Oral administration was performed using gastric tube. Prior to administration of the extract, a dosage of each aqueous extract for each animal was calculated from determination of animal mass. Thus, we reached a constant concentration of active agent per kilogram of body weight. The experiments were carried out on Wistar albino rats according to University's Animal Ethics Committee (Protocol №13, 2011) and the relevant national agency regulating experiments in animals.
After two weeks of the experiment the animals were withdrawn from the experiment by decapitation. Tumor volume was measured; the sampling of peripheral blood, bone marrow of the femur and tumor tissue for morphological examination was performed.
The morphological examination
The staining of blood smears was performed by standard methods. Quantitative and qualitative assessment of blood smears was performed. Counting at least 100 cells were produced in blood smear, and then the percentage of cells was calculated, and leukocytic formula was determined.
Bone marrow smears were fixed for 5 minutes with a solution latch -eosin methylene blue dye by May-Grunwald, and then stained for 20 minutes by Romanovsky stain. Counting (at least 500 cells) was carried out under high magnification (x1000), and their percentage was calculated (myelogram) [16] . The standard histological staining was used for morphological study of transplanted tumors.
Statistical data processing
Normality of parameter distribution was studied by ShapiroWilk test. Normal distribution characteristics have been found in groups. Therefore, we chose t-test Welch's t-test for parameter estimation. By this method, a difference between mean values with a probability of 95% was determined at T≥1.96. All statistical analyzes were performed using the software STATISTICA 10.0 Interprise (StatSoft, USA).
Results
Influence of extracts on growth of sarcoma 45
After oral and intramuscular administration of Gratiola officinalis extract we revealed the significant reduction of tumor volume -respectively by 63% and 57.4%. The significant reduction in tumor volume was noted after oral and intramuscular administration of Helichrysum extract -respectively by 70% and 64.6% (Table 1) . The oral and intramuscular administration of anthocyanin Zea mays extract caused significant reduction of tumor volume (by in average of 61%).
Development of vast areas of necrosis up to 90% of tumor section area was observed after administration of extracts, as well as atrophic and degenerative changes in the cells were observed at histological examination of the tumor. These two ways of extracts administration led to the reduction of tumor size and to the development of necrotic and degenerative processes in tumor.
Changes in blood leukocyte counts were observed in animals with transplanted tumor (control group №2) in comparison with control group №1. The significant increase of stab neutrophils and decrease of segmented neutrophils were noted in animals with transplanted tumors (T≥1.96) ( Table 2 ).
Significant changes in blood indicators were not detected at intramuscular and peroral administration of Helichrysum extract in comparison with the second control group of animals with transplanted tumor (Table 2) . ). WBC, white blood cell; intr., intramuscular; per., peroral; Helichr., Helichrýsum; Z. mays, Zea mays; Gr. offic., Gratiola officinalis.
Significant increase of number of stab leukocytes by 60% and 26.5% respectively (T≥1.96) was observed at intramuscular and peroral administration of Zea mays extract in comparison with control group №2 ( Table 2) .
Statistically significant increase of segmented leukocytes (by in average of 38%) was observed at peroral administration of the extract of Gratiola officinalis in animals with transplanted tumor in comparison with control group №2 ( Table 2) .
Bone marrow examination
The comparative analysis of changes in the myelogram of control group showed a significant decrease -doubling of undifferentiated blasts in tumor-bearing animals in comparison with healthy animals. After peroral and intramuscular administration of extracts of Gratiola officinalis and Zea mays, the increase of undifferentiated blasts was noted in tumor-bearing animals in comparison with control group №2 and at approximation of indicators to the control values (group №1) ( Table 3) . Restoring of percentage of undifferentiated blasts was not observed only after administration of Helichrysum extract (orally or intramuscularly).
Myeloblasts. Significant doubled decrease of myeloblasts was observed in control group №2 in comparison with healthy animals, which may be due to influence of tumor intoxication. Analysis of myeloblasts in experimental groups showed that administration of all three extracts leads to normalization of these indicators. The most pronounced increasing of myeloblasts was after administration of Zea mays extract.
Neutrophil promyelocytes. Significant reduction of neutrophil promyelocytes was noted in tumor-bearing animals (1.4-fold in comparison with healthy animals). We have seen a further decrease of number of neutrophilic promyelocytes (2.6-fold in comparison with healthy animals) only at intramuscular administration of Helichrysum extract. A number of neutrophil promyelocytes in all other experimental groups was not reduced, and a tendency to the approximation of indicators to control values was observed.
Neutrophilic myelocytes. 2.5-fold decreasing of indicators of neutrophil myelocytes was detected in comparison with healthy animals. After oral administration of Gratiola officinalis and Helichrysum extracts, the tendency to reduce a number of neutrophils of neutrophilic myelocytes remained in tumor-bearing animals, although the obtained changes were not significant. In all other experimental groups the number of neutrophilic myelocytes was increased after administration of all extracts and reached control values of healthy animals. Significant increase of neutrophilic myelocytes 2.3 times comparison with the control group №2, but the restitution to normal indicators was noted only at oral administration of Zea mays extract. No significant changes of neutrophilic metamyelocytes and stab neutrophilic leukocytes were detected.
Segmented neutrophil leukocytes. We have observed an increase of segmented neutrophils in control group №2 in comparison with healthy animals. We have noted a tendency to decrease this type of cells in experimental groups. We observed 1.4-fold decreasing of segmented neutrophil leukocytes only at peroral administration of Helichrysum extract.
Eosinophils. A number of eosinophils in bone marrow was significantly increased -in 1.9 times in control group №2 in comparison with group of healthy animals. In accordance whith literature data, tumor intoxication may lead to increase of eosinophils in the blood [17] . It should be noted that above described changes of cell ratio in bone marrow were not accompanied by increasing of eosinophils in peripheral blood.
After administration of all types of extracts no significant changes in the proportion of eosinophilsin were observed in the experimental groups in comparison with control group №2 of tumor bearing animals. Only at peroral administration of Helichrysum extract a significant increase in the number of eosinophils was observed in comparison with control group №2 of tumor bearing animals.
Pronormoblasts. Significant reduction of pronormblasts (in 1.5 times) was observed in tumor bearing rats in comparison with healthy animals. In the experimental groups the administration of Zea mays and Gratiola officinalis extracts leads to approximation of indicators to normal values of healthy animals. Helichrysum extract did not cause changes of pronormoblasts percentage in tumor-bearing rats at both methods of administration. 
2.94±0.71 Data presented as mean with standard deviation (M±SD).
A -The significance of differences between control groups; B -the significance of differences between control group №1 and experimental groups; C -the significance of differences between control group №2 and experimental groups.
Undiff. Blast, undifferentiated blasts; Neutr. prom., neutrophil promyelocytes; Neutr. myel., neutrophil myelocytes; Neutr. metam., neutrophil metamyelocytes; Neutr. stab leyc., neutrophil stab leycocytes; Neutr. segm., neutrophil segments; Basoph. norm., basophilic normoblasts; Polychr. norm., polychromatic normoblasts; Oxyph. norm., oxyphilic normoblasts; L/E ratio, leukocytic-erythroblastic ratio; intr., intramuscular; per., peroral; Helichr., Helichrýsum; Z. mays, Zea mays; Gr. offic., Gratiola officinalis.
Polychromatic normoblasts (PN).
The content of PN was not changed in control groups. After intramuscular administration of Gratiola officinalis extract, significant increase of PN (in 1.7 times) was noted in the experimental group in comparison with control group №2 and 1.4-fold increasing of PN -in comparison with healthy animals. In the group with oral administration of Zea mays the number of PN increased in comparison with healthy animals.
Lymphocytes. Differences of lymphocytes proportion in myelogram were not observed between control groups. A significant decrease of lymphocyte percent was noted after oral and intramuscular injection of Gratiola officinalis and Zea mays extracts.
Administration of all types of extracts had no effects on the number of neutrophilic metamyelocytes, stab neutrophils, basophils, erythroblasts, normoblasts, normoblasts, basophilic and oxyphylic normoblasts, monocytes, plasma cells (Table 3) .
Discussion
Intramuscular and peroral administration of Helichrysum extract leads to decrease of tumor volume by 70.0% and 64.6%, respectively, and does not cause changes in blood leukocyte ratio in comparison with the group of tumor-bearing rats without treatment. However, indicators in these groups are different from control values of healthy animals.
After administration of Helichrysum extract, the percentage of undifferentiated blasts, neutrophilic myelocytes, pronormoblasts in bone marrow were also similar with indicators of tumor-bearing rats without treatment. Therefore, we can assume that all changes in peripheral blood and bone marrow develop under influence of growing tumor and its secondary changes (necrosis, degeneration).
It should be noted that oral administration of Helichrysum extract normalizes the number of neutrophilic myelocyte in myelogram, and intramuscular administration of this extract reduces their fraction in myelogram in comparison with both control groups. Additionally, at oral administration of Helichrysum extract, the number of eosinophils was increased and the number of segmented neutrophils was reduced in comparison with group of tumor-bearing rats without treatment, i.e. approximation of these parameters to normal values was observed.
Regardless of administration method, Zea mays extract induces the decrease of tumor volume by 61%. Increased percentage of undifferentiated blast cells, neutrophilic myeloblast and myelocytes were observed in bone marrow in animals of experimental groups in comparison with tumor-bearing rats without treatment.
These indicators approximated to control values and were not differed significantly from control group of healthy animals. Consequently, Zea mays extract itself did not affect these parameters and normalized the indicators changed due to tumor growth.
Percentage reduction of lymphocyte number in bone marrow may indicate an increased or accelerated transition to second stage of lymphocyte maturation in peripheral immunopoiesis organs. In addition, we have observed an increase of lymphocytes in peripheral blood in comparison with control values that may be the result of tumor growth and activation of specific immune processes [17, 18] .
Decrease of tumor volume by 63% was note after intramuscular administration of Gratiola officinalis extract and after oral administration of the extract -by 57.4%. Increase of polychromatic normoblasts (precursors of erythrocytes in the bone marrow) was noted in all animal groups (experimental and control), that can serve as an indicator of stimulating effect of extracts on erythrocyte germ. Reducing of lymphocyte number in bone marrow may also indicate an accelerated maturation of lymphocytes and their transition to second stage of maturation into peripheral organs of immunogenesis [17, 18] . The increase of segmented neutrophils in peripheral blood was probably a result of tumor necrosis which develops under extract influence.
In literature there are reports of tumor growth retardation under the influence of flavonoids [19] [20] [21] [22] , however, a detailed analysis of toxicity of test flavonoid-containing plant extracts and their effects on leukocyte count in blood and bone marrow was still not done.
Conclusions
Administration of all types of extracts causes inhibition of tumor growth of transplanted tumors in a range from 61% to 70% depending on administration method and type of extract, and also causes dystrophic and necrotic changes in tumor tissue.
Tumor growth of sarcoma 45 causes changes of percentage ratio of cells in white blood cell count and myelogram.
Oral and intramuscular administration of flavonoid-containing extracts: anthocyanin Zea mays and Gratiola officinalis extracts effects positively on myelocytic germ (undifferentiated blast cells, myeloblasts and neutrophil myelocytes) with approximation of indicators to normal values, and also leads to an increase of lymphocytes in white blood cell count and myelogram. Thus, in our opinion, it is important that antitumor effect of extracts is manifested on background of immune system activation.
Helichrýsum arenárium extract leads to normalization of percentage ratio of segmented neutrophils, but does not change the quantitative ratio of cells in comparison with tumor-bearing animals without treatment for the majority of indicators.
Absence of toxic effects and normalization of myelocytic germ indicators in bone marrow of tumor-bearing rats after oral and intramuscular administration of extracts from flavonoid-containing plants Zea mays and Gratīola officinālis allow to recommend for a further study of antitumor effect of these extracts.
